STUDIES ON EXPERIMENTAL PNEUMONIA : III. SPONTANEOUS PNEUMONIA IN MONKEYS. by Blake, Francis G. & Cecil, Russell L.
STUDIES  ON EXPERIMENTAL PNEUMONIA. 
III.  SPOZCrANEOUS P~mU~ON~  m  MON~EYS. 
BY FRANCIS  G.  BLAKE, M.D., AND RUSSELL L.  CECIL,  M.D. 
(From the Bacteriological Laboratories of the Army Medical Sckool, Washington.) 
PZAr~.S 53  TO 64. 
(Received for publication, January 23,  1920.) 
During the course of the investigation on experimental pneumonia 
reported  in  preceding  papers  la  a  considerable  amount  of  spon- 
taneous pneumonia occurred among the stock monkeys.  Since this 
pneumonia was caused in large part by pneumococci, it seemed de- 
sirable  to  study it  for  the purpose of  comparison with pneumonia 
experimentally produced.  Accordingly, autopsies were performed in 
all fatal cases and cultures were made from the heart's blood, lungs, 
and bronchi.  In a  few instances clinical study of the course of the 
spontaneous disease was carried out, the same methods being applied 
that were used in the study of experimental pneumonia.  The spon- 
taneous pneumonia also presented certain epidemiological features of 
considerable interest. 
Epidemiology. 
The monkeys among which spontaneous pneumonia occurred came 
in three lots at monthly intervals directly from the Philippine Islands 
to the Army Medical School in Washington.  Experience has shown 
that  the  transportation  of monkeys is  usually attended  by  a  con- 
siderable  mortality  en  route.  Every  possible  care,  therefore,  was 
taken to  see that  the monkeys were properly handled during their 
journey, and with the exception of one lot the majority arrived in 
good  condition.  Upon  their  arrival  those  that  appeared  healthy 
were placed in a  large, well righted, and well ventilated cage.  Those 
that  appeared  sick were placed in small individual cages.  Since a 
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Blake, F. G., and Cecil, R. L., Y. Exp. Med., 1920,  xxxi, 445. 
499 SO0  EXPEI~  I]WENTAL  PI~]'E  UMOI~IA.  III 
considerable amount of spontaneous pneumonia had occurred among 
the monkeys of the second lot at the time the third lot arrived, the 
monkeys of the third lot were placed in pairs in small cages in another 
room and were not allowed to come into contact with monkeys of the 
second lot until the outbreak of spontaneous pneumonia had subsided. 
The number of monkeys in each lot, the date of their arrival, and 
the number of recognized cases  of pneumonia occurring in each lot 
are shown in Table I. 
The high incidence of pneumonia in Lots 1 and 2, as compared with 
its  total  absence  among monkeys of  Lot  3,  is  striking.  It  is  of 
further interest that five of the cases of pneumonia occurring among 
monkeys of Lot 1 developed during or subsequent to the outbreak of 
pneumonia among monkeys of Lot 2, monkeys of these two lots being 
TABLE  I. 
Spontaneous Pneumonia among  Three Lots  of Monkeys. 
Date  Lot No.  arriv 
191 
Feb. 
Mar. 
Apr. 
No. of 
monkeys. 
19 
79 
46 
~O. Of cases 
of 
pneumonia. 
8 
28 
0 
Remarks, 
Five of these cases occurred during or  after 
the outbreak of pneumonia among  mon- 
keys of Lot 2, 
Overcrowded. 
Kept separate from preceding lots. 
in  intimate contact with  one another.  The absence of pneumonia 
among the monkeys of Lot 3 undoubtedly may be attributed to the 
fact that they were not allowed to come into contact with the other 
monkeys and  were kept  in  pairs  in  separate  cages.  That  a  con- 
siderable  number of unrecorded cases  of  mild  pneumonia with  re- 
covery occurred  among  the  monkeys  of  Lot  2  was  subsequently 
shown by the finding of fibrous  pleural adhesions in many monkeys 
of this lot used later for experimental purposes. 
The apparently epidemic character of the spontaneous pneumonia 
and its relation to the time of arrival of the different lots of monkeys 
is shown in Text-fig. 1.  It will be seen at once that the larger part of 
the pnemnonia occurred shortly after the arrival of the second lot, 
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of disease.  The 6riginal  source of the outbreak of pneumonia could 
not be determined.  That its spread was due chiefly to contact in- 
fection is clearly brought, out by bacteriological evidence presented 
below.  It  is  noteworthy that  this was  the largest lot  of monkeys 
received  and  that  they were  under  distinctly  crowded  conditions 
during the first 3 weeks after their arrival.  There seems little doubt 
that overcrowding greatly facilitated the spread of infection. 
Bacteriology. 
Bacteriological examination was made in 36  cases--in 2 cases by 
blood cultures during life, in 2 cases by blood cultures during life and 
by cultures at autopsy, and in 32 cases by cultures at autopsy alone 
(Table II).  In 32  cases the results were entirely satisfactory, in  2 
no growth was obtained, and in 2 the cultures were grossly contami- 
nated by postmortem invaders and had to be discarded.  Of the 32 
cases in which bacteriological examinations were satisfactory, Pneu- 
mococcus Type IV was found in cultures from the lungs or heart's 
blood,  or both, in 28; Streptococcus h~molyticus was found in 2;  and 
a  non-hemolyzing streptococcus  of  the  viridans  group  in  pure 
culture in  2  and  with Streptococcus hcemolyticus in  1.  Of  course, 
it remains problematical whether the cases  of  pneumonia in  which 
streptococci were found were primarily  caused by  these  organisms, 
or whether the streptococci were secondary invaders which had  re- 
placed the pneumococcus at the time of death.  Histological study, 
however, of the 4  cases  in which streptococci were found indicated 
that the lung lesions were at least in part caused by these organisms. 
Of the 24 cases  of fatal pneumococcus pneumonia in which cultures 
of  the  heart's  blood  were made at  autopsy,  all  but  2  showed  the 
pneumococcus present.  In the 2 cases  associated with Streptococcus 
hcemolyticus, this organism was present in the heart's blood in  both, 
while in  the  2  cases  associated  with Streptococcus viridans, cultures 
of the heart's blood remained sterile in both. 
Because of the  apparently epidemic  character  of  a  considerable 
part of the spontaneous pneumonia that occurred among the monkeys, 
it seemed of importance to determine whether or not the strains  of 
Pneumococcus Type IV were immunologically homologous.  Accord- FRANCIS  G.  BLAKE  AND  RUSSELL  L.  CECIL 
TABLE  II. 
Bacteriology  and  Pathology  of Spontaneous  Pneumonia  in Monkeys. 
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Bacteriology. 
H. B., Pn. IV; L. L., no 
growth; pericard., Pn. 
IV. 
H. B., Pn. IV; R. L., Pn. 
IV. 
H. B., Pn. IV; L. M., Pn. 
IV; R. L., Pn. IV. 
H.  B.,  S.  hemolytlcus; 
R.  L., S.  hcemolyffcus 
and S. ~4ridans. 
H. B., Pn. IV. 
Contaminated. 
L. L., Pn. IV. 
Br., Pn. IV; R. L., In- 
IV. 
H. B., Pn. IV; lung, con- 
taminated. 
H. B., In. IV; L. L., Pn. 
IV. 
H.  B.,  S.  h~raolyticus; 
L. L., no growth. 
H. B., no growth; L. M., 
Pn.  IV;  C.,  In. IV.; 
Br., Pn. IV. 
H. B., Pn. IV; R.L.,  Pn. 
IV. 
Anatomical  diagnosis. 
Lobar pneumonia; L. L., resolving;  fibrous 
pleuritis, left; acute fibrinopurulent peri- 
carditis; acute suppurative meningitis; 
hypertrophy and dilatation of heart. 
Lobar pneumonia; R. U., R. M., R.  L., 
engorgement and red hepatization. 
Lobar pneumonia; R. M., R. L., L.  M., 
L. L., red and gray hepatization; acute 
fibrinous pleuritis, bilateral. 
Confluent lobular pneumonia, R. L.; acute 
fibrinous pleuritis, interlobar, right. 
Lobar pneumonia; L. U., L. M.,  R. M., 
R. L., gray hepatization; acute fibrinous 
pleuritis, bilateral. 
Lobar pneumonia; R.  M.,  red hepatlzao 
fion. 
Lobar pneumonia; L. L., gray  hepatiza- 
tion; acute fibrinous pleuritis, left. 
Lobar pneumonia; R. U., R. M., R. L., 
gray hepatization; acute fibrinous pleu- 
ritis, right. 
Lobar  pneumonia;  L.  M.,  L.  L.,  gray 
hepatizafion; R. M., red hepatization; 
acute fibrinous pleuritis, bilateral. 
Lobar pneumonia;  L.  L.,  red  hepatiza- 
tion; acute fibrinous pleuritis, left. 
Lobar  pneumonia; L. L., L. M.,  L. U., 
gray hepatization and beginning reso- 
lution; acute fibrinous pleurifis, left. 
Lobar pneumonia; R. M., gray hepatiza- 
tion; C., L. M., red hepatization; R. U., 
engorgement;  acute fibrinous  pleuritis, 
right. 
Lobar pneumonia; R. L., gray  hepatiza- 
tion; acute fibrinous pleuritis, fight. 
H. B. indicates heart's blood; B. C., blood culture; R. L., C., L. L., etc., lobes 
of the lung;  Pl., pleura; Br.,  bronchus. 504  EXPE~CM-~.NTAL  PiN-E~ONIA.  Ill 
TABLE  II--Continued. 
Monkey 
2~0. 
18 
55 
56 
57 
58 
59 
34 
60 
61 
62 
5O 
68 
69 
70 
Date. 
1919 
Apr.  13 
"  14 
"  14 
"  14 
"  14 
"  14 
"  16 
"  17 
"  17 
"  18 
"  18 
"  19 
"  19 
"  21 
Bacteriology. 
H. B., no growth; R.  L., 
S.  viridam;  L.  M.,  S. 
~iridans. 
H. B., Pn. IV; L. L.,  Pn. 
~IV. 
H. B., Pn. IV; L. L., Pn. 
IV. 
H. B., no growth;  L.L., 
no growth. 
Contaminated. 
H. B., Pn. IV; L. U.,  no 
growth. 
H. B., Pn. IV; L.  L., no 
growth;  R.  L.,  con- 
taminated. 
H. B., no growth; L. L., 
S. ~iridans. 
H. B., lb. IV; L.  L., Pn. 
IV. 
H. B., Pn. IV; L. L., no 
growth. 
H.  B.,  Pn.  IV;  L.  M., 
Pn. IV; L. L.,  Pn. IV. 
H.  B.,  Pn.  IV;  R.  L., 
contaminated. 
H. B., Pn. IV; L. U., Pn. 
IV. 
H.  B.,  Pn.  IV;  R.  1VI.,. 
Pn. IV. 
Anatomical diagnosis. 
Interstitial and lobular pneumonia, R. M., 
R.  L.,  L.  L.;  acute fibrinous  pleuritis, 
bilateral. 
Lobar pneumonia;  R.  M.,  R. L., L.  M., 
L. L., red and gray hepatization;  acute 
fibrinous pleuritis, bilateral. 
Lobar pneumonia;  L.  L.,  gray  hepatiza- 
tion; acute fibrinous pleuritis, left. 
Lobar pneumonia;  L.  L.,  gray  hepatiza- 
tion; acute fibrinous pleuritis, left. 
Lobar  pneumonia;  R.  M.,  R.  L.,  gray 
hepatization;  acute  fibrinous  pleufitis, 
fight. 
Lobar  pneumonia;  L.  U.,  L.  M.,  gray 
hepatization;  R.  M.,  resolution;  acute 
fibrinous pleuritis, bilateral. 
Lobar  pneumonia; L. U., L. M.,  engorge- 
ment; L. L.,  gray hepatization;  R.  L., 
resolution;  acute  fibrinous  pleuritis, 
bilateral. 
Interstitial and lobar pneumonia;  R.  U., 
R. M., R. L., gray hepatization; L.  L., 
interstitial  and  lobular  pneumonia; 
acute fibrinous pleurltis, bilateral. 
Lobar pneumonia;  L.  U.,  L.  M.,  L.  L., 
red  and  gray  hepatization;  acute  fib- 
rinous pleufitis, left. 
Lobar pneumonia; R. M., C., red  hepati- 
zation; L. L., resolution; acute fibrinous 
pleuritis, left. 
Lobar  pneumonia;  L.  M.,  L.  L.,  gray 
hepatization;  L. U.,  C.,  red  hepatiza- 
tion; acute fibrinous pleuritis, left. 
Lobar  pneumonia; R.  M., R.  L., L. M., 
red hepatization;  acute  fibrinous pleu- 
riffs, fight. 
Lobar  pneumonia;  L.  U.,  L.  M.,  gray 
hepatization;  acute  fibrinous  pleuritis, 
left. 
Lobar  pneumonia;  L.  U.,  L.  M.,  gray 
hepatization; R. M., R. L., red  hepati- 
zation;  acute  fibrinous  pleurifis,  bilat- 
eral. FRANCIS  G.  BLAKE  AND  RUSSELL  L.  CECIL 
TABLE II--Co,rtzl~e,d. 
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Bacteriology.  Anatomical  diagnosis. 
H. B., In. IV; L. L.,  no 
growth. 
H. B., Pn. IV; R. L.,  no 
growth; pericard., Pn. 
IV. 
H. B., no growth; L. U., 
In. IV. 
H. B., In. IV; L. L., no 
growth. 
L. M., no growth; peri- 
card., no growth. 
B. C., Pn. IV. 
H.  B.,  Pn.  IV;  R.  L., 
contaminated 
H. B., In. IV; L. L., Pn. 
IV; PI., Pn.  IV; peri- 
card.,  In.  IV;  Br., 
In. IV. 
B. C., Pn. IV. 
Lobar pneumonia; L. L., resolution; R. M., 
R. L., red hepatizafion; acute fibrinous 
pleuritis, bilateral. 
Lobar pneumonia; R. M., R. L.,  organi- 
zation;  L.  M.,  L.  L.,  resolution  and 
organization;  acute  fibrinous pleurifis, 
bilateral;  acute  serofibrinous  pericar- 
difis;  hypertrophy  and  dilatation  of 
heart. 
Lobar pneumonia;  L. U., gray hepafiza- 
tion; acute fibrinous pleurifis, left. 
Lobar pneumonia; L. M., L. L., C., R. M., 
R. L., gray hepatization; acute fibrinous 
pleurifis, bilateral. 
Lobar pneumonia;  L. U.,  L.  M., resolu- 
tion; acute fibrinous pleurifis, left; acute 
fibrinous perieardifis. 
Lobar  pneumonia;  L.  M.,  L.  L.,  gray 
hepafizafion  and  resolution;  R.  M., 
resolution; acute fibrinous pleuritis, left. 
Lobar pneumonia; L. L., resolution; R. L., 
C.,  gray  hepatizafion;  acute  fibrinous 
pleurifis, bilateral. 
Lobar pneumonia;  R. U.,  R.  M.,  R.  L., 
C., L. M., L. L., red and gray hepatiza- 
tion;  acute  fibrinopumlent  pleurifis, 
bilateral; acute fibrinopurulent  periear- 
difis; acute fibrinous peritonitis,  local- 
ized. 
(Clinical diagnosis, lobar pneumonia.  Re- 
covered; no autopsy.) 
ingly, three rabbits were immunized against the strains isolated from 
Monkeys  19,  53,  and 97,  respectively,  and the immune sera  so pre- 
pared were used  for  cross-agglutination  tests.  Of the twenty-eight 
strains isolated, twenty-one had  been preserved  and  were  available 
for agglutination.  The results are shown in Table III. 
It will be seen from Table III that nine strains (from Monkeys 13, 
19, 34, 35, 47, 73, 74, 84, and 97) fell into one immunologically homolo- 
gous group, that five strains (from Monkeys 50, 53, 61, 69, and 70) fell 506  EXPER r~r~-NTAL  PNE~OI~IA.  Ill 
into  another homologous group, and that there remained but  seven 
strains which fell into neither of these groups.  Though some of the 
strains remain unclassified, the evidence obtained is amply sufficient to 
demonstrate that  the outbreak of spontaneous pneumonia was asso- 
dated with  the spread of infection from monkey to  monkey.  This 
becomes all the more apparent when the immunological groups are cor- 
TABLE  IIL 
Cross-Agglutination Reactions of Strains of Pneumococcus Type IV Isolated 
from Monkeys with Spontaneous Lobar Pneumonia. 
Strain No. 
12 
13 
15 
19 
28 
34 
35 
44 
47 
50 
53 
55 
56 
61 
69 
70 
71 
73 
74 
84 
97 
NO.  19. 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
++ 
Im~nune  sera. 
No. 53. 
m 
m 
m 
I 
m 
++ 
++ 
++ 
++ 
++ 
No.  97. 
++ 
++ 
++ 
++ 
++ 
N 
++ 
++ 
++ 
++ 
Normal serum. 
m 
w 
m 
m 
I 
m 
m 
m 
m 
m 
m 
related with the dates of death from pneumonia in the individual cases. 
The strains isolated from Monkeys 12 and 28 did not fall into either of 
the established groups.  Both  these monkeys were from Lot  1  and 
developed pneumonia belore the arrival of Lot 2, dying on March 21 
and 31,  respectively.  Monkeys 53,  61, 50,  69,  and 70, whose pneu- 
monia was due to  the same strain of Pneumococcus Type IV,  died 
on April 13, 17, 18, 19, and 21, respectively, within a period of 9 days. FRANCIS G. BLAKE  AND  RUSSELL L. CECIL  507 
Of  the  nine  cases  of  pneumonia  due  to  the  other  single  strain  of 
Pneumococcus Type  IV,  Monkeys  35,  34,  74,  13,  73,  84,  and  97 
died on April 9, 16, 22, 25, 28, May 4, and 16, respectively.  Monkey 
47 developed pneumonia on April 30 and recovered by crisis on May 
9.  These eight cases were su/ficientiy near to each other to have con- 
tracted pneumonia by contact infection from a preceding case.  The 
ninth case caused b); a  pneumococcus of this type, Monkey 19, de- 
veloped pneumonia on June 1, and had, therefore, no direct relation 
with the epidemic.  Monkey 19 was at the time, however, in a  cage 
adjoining that of Monkey 111.  At this time Monkey 111 was in the 
active stage of an experimental pneumonia produced by inoculation 
with the strain of Pneumococcus Type IV which had been isolated 
at  necropsy from Monkey 97  of this group.  It is presumable that 
Monkey 19 acquired its spontaneous infection from this source. 
Clinical  Features. 
Clinical  observations  upon  spontaneous  lobar  pneumonia  were 
made in two instances.  In a  third case the course of pneumococcus 
pericardkis  following  spontaneous  pneumonia  was  studied.  The 
protocols with accompanying clinical charts follow. 
Protocol.L--Monkey  47.  Macaxus  syrichtus, male; weight 2,710 gin.  Apr. 29, 
1919.  Well  and active.  Apr. 30, a.m.  Well  and active,  p.m.  Appears quiet. 
May 1.  Appears sick.  Respirations moderately accelerated.  Temperature ele- 
vated.  No  abnormal signs in chest.  May 2.  Very sick; sitting huddled up 
in comer of cage, breathing rapidly with expiratory grunt; blood culture shows 
Pneumococcus Type IV.  May 3.  Condition  the same; moderate dullness and 
suppressed breathing over left lower lobe; distant  bronchial breathing heard in 
left axilla.  May 4.  Appears better; respirations rapid  and labored.  May 5 
to  8.  Condition the same;  coughs occasionaUy; breathing  rapidly.  May 9. 
Appears well and active; temperature fallen to normal by crisis.  May 10.  Well 
and active.  Killed. 
The temperature, leucocyte curve, and results of blood cultures are shown in 
Text-fig. 2. 
Autopsy.  Anatomical Diagnosis.--Lobar  pneumonia; left middle and  lower 
lobes, gray hepatization and beginning resolution; right middle lobe resolving; 
acute fibrinous pleuritis, left. 
Cuttures.--Heart's blood, no growth; left lower lobe, no growth. 508  EXPERIMENTAL PI~EI.I~ONIA.  III 
Protocol 2.--Monkey 19.  Macacus syrichtus,  male; weight 4,000 gin.  May 29 
to 31,  1919.  Appears well and active.  June 1.  Quiet; temperature elevated; 
breathing rapidly; leucocytosis.  June 2.  Appears sick; refusesfood; respirations 
rapid and labored; blood culture shows Pneumococcus  Type IV.  June 3 to 5. 
Condition the same.  June 6.  Appears better; still breathing rapidly.  June 7. 
Better;  temperature  falling.  June  8.  Appears  well  and  active;  temperature 
normal.  Remained well.  No autopsy. 
The temperature, leucocyte curve, and results of blood cultures are shown in 
Text-fig. 3. 
Both monkeys presented the typical picture and ran the character- 
istic  course  of  lobar  pneumonia, identical with  the  disease  experi- 
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TExT-FIo.  2. Monkey  47.  Spontaneous  lobar  pneumonia,  Pneumococcus 
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mentally produced by the intratracheal injection of pneumococcus, 
and like it, corresponding in all respects to lobar pneumonia in man. 
The  leucocyte reaction,  characteristic of  relatively mild  cases  that 
recover, is well shown, as is the temporary invasion of the blood by 
pneumococci and recovery by crisis. 
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Spontaneous  lobar pneumonia, Pneumococeus 
Protocol 3.--Monkey 11.  Macacus syricktus, male; weight 4,325 gin.  Mar. 8, 
1919.  Appears moderately  sick; breathing  slightly  accelerated; lungs clear. 
X-ray of chest shows cardiac shadow moderately enlarged and distinctly globular; 
lungs show no evidence of consolidation (Fig. 1).  Mar. 10.  Condition  the same. 
Blood culture shows Pneumococcus Type IV.  Mar.  11  to 13.  Condition  the 
same.  Lungs clear.  Mar. 14.  Right leg appears paralyzed.  Mar. 16.  Very 
sick; lying down; semicomatose.  9.30  p.m.  Died. 510  EXPER~NTAL  PNEUMONIA.  III 
The temperature,  leucocyte curve, and results of blood cultures are shown in 
Text-fig. 4. 
Autopsy.  Anatomical Diag~tosis.--Resolving lobar pneumonia, left lower lobe; 
acute fibrinopurulent pericarditis; acute suppurative meningitis; hypertrophy and 
dilatation  of the heart; fibrous pleuritis, left. 
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TExT-FIG.  4.  Monkey 11.  Fibrinopurulent pericarditis  with terminal menin- 
gifts following spontaneous lobar pneumonia, Pneumococcus Type IV. 
Pericardium.--Appears  considerably  thickened,  and  on  opening  the  sac  a 
considerable quantity of turbid fluid is found.  The parietal and visceral layers 
of the pericardium are everywhere covered with a shaggy coat of fibrin which is 
easily  peeled  off  from  the  underlying  membrane.  Heart.--Moderate  hyper- 
trophy and  dilatation.  Left pleural cavity.IContains  many  fibrous  adhesions 
between  the  parietal  and  visceral  pleurae.  Lungs.--Crepitant  and  pale pink, 
except  the  left  lower lobe which  is  a  translucent  gray and  doughy.  Brain.- 
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Cultures.--Heart's blood,  Pneumococcus Type IV; pericardial exudate, Pneu- 
mococcus Type IV; left lower lobe, no growth. 
Microscopic Examination.--Heart.--Myoeardium shows cloudy swelling; on the 
epicardium there is a dense layer of fibrin everywhere infiltrated with polymor- 
phonudear  leucocytes and  lymphoid  cells.  Left lower lobe.--Shows the  last 
stages of a resolving pneumonia.  Medulla.--The meninges are densely infiltrated 
with polymorphonuelear leucocytes, which form a thick layer over the surface. 
There seems little question that the pneumococcus pericarditis in 
Monkey  11  developed following spontaneous lobar pneumonia.  It 
is presumable that the terminal meningitis was also caused by Pneu- 
mococcus  Type  IV,  although  bacteriological  evidence  is  lacking. 
Both  conditions  were  similar  to  pneumococcus  pericarditi$  and 
meningitis as seen in man complicating lobar pneumonia. 
Pathology. 
Thirty-two cases presented at autopsy the characteristic pathology 
of  pneumococcus  lobar  pneumonia  (Table  II),  resembling  in  all 
respects  the  experimental  disease  produced  by  the  intratracheal 
injection of pneumococci as described in a preceding paper.  2 Pneumo- 
coccus pericarditis occurred in four cases, empyema in one, and menin- 
gitis in one.  Acute fibrinous pleuritis was present in all but two cases. 
In  the majority of cases  the pneumonia was  extensive, more than 
one lobe being involved in twenty-four cases; seventeen eases showed 
bilateral  pneumonia.  A  characteristic  feature  of  these  cases  was 
the presence of an advanced stage of gray hepatization or beginning 
resolution in some lobes, while in others the picture of engorgement 
and  red  hepatization  was  found,  indicating  that  a  spread  of  the 
process  had  occurred  during  the  course  of  the  disease.  In  eight 
cases only one lobe was involved, in one of which death was due to 
a  complicating pericarditis.  The  right  and  left  sides  were  about 
equally involved, the lower  and middle lobes nearly  four times  as 
frequently  as  the  upper  lobes.  As  in  experimental pneumonia in 
monkeys partial  organization  occurred  somewhat more  frequently 
than it  is  believed to  occur in  lobar  pneumonia in  man.  Macro- 
scopicaUy the cut surfaces of the lungs presented the characteristic 
appearances of the stages of engorgement, red and gray hepatization, 
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is well shown in photographs of the lungs from Monkeys 43  and  57 
(Figs. 2 and 3) and of a stained histological section of the right lower 
lobe from Monkey 84  (Fig. 4).  Location of the consolidation in the 
proximal portion of the lobe when  complete lobar  consolidation did 
not  develop is  shown in  Fig.  5.  Cases  associated  with  streptococci 
are too few in number to warrant description.  The character of the 
lesion in Monkey 36 is shown in Fig. 6. 
In  a  similar manner  study of histological sections  (Figs.  7  to  16) 
has  shown the spontaneous  disease  to be identical with  that  experi- 
mentally produced, leaving  no  doubt  that  the  pathogenesis  of  the 
two is the same.  A  few illustrative protocols are given. 
Protocol 4.--Monkey  35.  Macacus syrichtus, female.  Autopsy  performed 
Apr. 9, 1919, 8 hours post mortem. 
Anatomical Diagnosis.--Lobar pneumonia; right upper, middle, and lower lobes, 
stage of gray hepatization; acute fibrinous  pleuritis,  right;  cloudy swelling of 
viscera. 
Perlcardial sac.--Contains  no fluid  and appears normal.  Heart.--Of  normal 
size;  myocardium  firm;  valves  normal.  Pleural  cavities.--Contain  no  fluid. 
There is a fresh deposit of fibrin on the visceral and parietal layers of the right 
pleura.  The left pleura  is  smooth  and  glistening.  Lungs,--The  right  upper, 
middle, and lower lobes are completely consolidated,  except for a small portion 
along the anterior margins; surfaces  dark red and roughened with fibrin.  The 
lobes are plastered together with a fibrinous exudate.  Cut surface of the right 
lung  is  reddish  gray and  finely granular.  Left lung  is  pale  pink,  somewhat 
collapsed,  and crepitant throughout.  The trachea and bronchi are filled with 
rusty  mucoid  material.  Other organs.--Abdomlnal  organs  normally disposed; 
liver and kidneys show cloudy swelling. 
Cultures.--Right  lower lobe,  Pneumococcus  Type IV; right bronchus,  Pneu- 
mococcus Type IV. 
Microscopic gxamlnation.--Right  lower lobe.--Except  at  the  periphery  the 
alveoll  are  filled  with  a  dense  exudate  of polymorphonuclear leucocytes,  the 
structure of the alveolar walls being well preserved (Fig.  7).  The perivascular 
tissue  about  the  larger  vessels  is  edematous  and  moderately infiltrated with 
polymorphonuclear leucocytes, large  mononuclear cells,  and  lymphocytes, the 
lymphatics being distended with similar  cells (Fig.  8).  The bronchi and bron- 
chioles are failed with exudate.  At the periphery there is marked congestion of 
the smaller vessels and alveolar capillaries  and perivascular edema.  The alveoli 
contain a serous  exudate with few cells (Fig.  9).  There is a  dense exudate of 
polymorphonuclear leucocytes and  fibrin  on  the  pleural  surface.  There are 
many pneumococci  in all parts  of the section,  both in  the alveoli  and in  the 
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Protocol 5.--Monkcy 53.  Maeacus syrichtus, male.  Autopsy performed Apr. 
13, 1919. 
Anatomical  Diagnosis.--Lobar  pneumonia;  right  middle lobe,  gray hepatiza- 
tion; cardiac lobe and left middle lobe, red hepatization; right upper lobe, en- 
gorgement and edema; acute fibrinous pleuritis, right. 
Pericardial sac.--Contains  no  fluid  and  appears normal,  lteart.--Markedly 
enlarged, both ventricles being dilated; myocardium and valves appear normal. 
Pkural ea~qties.--Contain no  fluid.  There is a  deposit of fibrin on the pleural 
surfaces in the lower part of the right pleural cavity.  The left pleura is smooth 
and glistening.  Lungs.--The right middle lobe is firmly consolidated through- 
out, the cut surface being yellowish  gray and finely granular.  The right upper 
lobe shows a small patch of beginning consolidation  near the hilum, deep red in 
color, the cut surface oozing abundant frothy fluid.  The cardiac lobe is moder- 
ately firm throughout, deep red in color, the cut surface moist.  The left middle 
lobe shows  a  similar picture.  The right lower,  left upper, and left lower lobes 
are  pale  pink  and  crepitant  throughout.  Abdominal  organs.--Show  nothing 
of interest. 
Cultures.--Heart's  blood,  no  growth;  left middle  lobe,  Pneumococcus Type 
IV; cardiac lobe, Pneumococcus Type IV; bronchus, Pneumococcus Type IV. 
Microscopic  Examination.--Rigkt  middle  lobe.--The  alveoli  are  everywhere 
filled  with  a  dense  exudate  of polymorphonuclear leucocytes; in  some places 
these show marked disintegration and there is beginning desquamation of alveo- 
lar  epithelium.  There  is  moderate  perivascular  edema  and  infiltration  with 
polymorphonuclear leucocytes about some of the smaller vessels.  Many pneu- 
mococci  are  present  in  the  pneumonic  exudate.  Right  upper  lobe.--Central 
portion  shows  marked engorgement of vessels and  alveolar capill~es,  serous 
exudate with fibrin network in the alveoli,  and some exudation of red blood cor- 
puscles; tissue appears normal at the periphery.  Pneumococci are numerous in 
the walls of the alveoli and in the alveolar exudate.  They are also frequently 
seen in the apparently uninvolved peripheral portions of the lobe where they are 
confined within the walls of the alveoli. 
Protocol  6.--Monkey  97.  Maeacus  syricktus,  female.  Autopsy  performed 
May 16, 1919, immediately after death. 
Anatomical  Diagnosis.--Lobar  pneumonia;  right  lower,  middle,  cardiac,  and 
upper lobes, left lower and middle lobes, red and gray hepatization; acute fibrino- 
purulent  periearditis;  acute  fibrinopurulent  pleuritis,  bilateral;  acute  fibrinous 
peritonitis, localized; cloudy swelling of viscera. 
Pericardial sac.--Contains about 10 ec. of yellowish,  turbid fluid, in which are 
flakes of fibrin.  Visceral and parietal layers of the pericardium are covered with 
a  shaggy fibrinous exudate.  Heart.----Of normal size; myocardium and valves 
appear normal.  Pleural cavities.--Both  contain about 25 ce. of turbid, yellowish 
fluid.  There is abundant fibrinous  exudate over both  lower and  middle lobes. 
Lungs.--The  right middle and lower lobes are firmly consolidated throughout, 
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the periphery.  The  upper  half of  the cardiac lobe and a small portion of the 
right upper lobe near the hilum present a similar appearance.  The left middle 
lobe  and  the  upper and posterior half of the left lower  lobe are firmly consoli- 
dated,  the cut surfaces reddish gray and finely granular.  The remainder of the 
lungs is pinkish  and  air-containing, but the  cut  surfaces yield  a  large  amount 
of  frothy  fluid.  Trachea  and  bronchi  are  filled  with  bloody mucus.  Other 
organs.--There  are a few fresh fibrinous  adhesions  between  the  diaphragm  and 
the  upper surface of the  liver.  Otherwise  abdominal  organs  appear  normal, 
except for cloudy swelling of liver and kidneys, 
Cultures.--Heart's  blood,  Pneumococcus  Type IV; pericardial fluid,  Pneumo- 
coccus  Type IV; right  pleura] fluid,  Pneumococcus  Type IV; left lower  lobe, 
Pneumococcus Type IV; bronchus, Pneumococcus Type IV. 
Microscopic Examination.--Lefl  lower lobe.--Section  shows  typical picture  of 
gray hepatization,  the  alveoli being  filled  with  a  dense  exudate  of  polymor- 
phonuclear leucocytes.  The structure  of the  alveolar walls  is  well  preserved. 
The  peribronchial  and  perivascular  tissue  is  edematous  and  infiltrated  with 
leucocytes and mononuclear cells (Fig.  11).  At the periphery there is a zone of 
congestion  and edema, the alveoli containing only a serous exudate.  In places 
the  alveoli  are  filled with  red blood corpuscles.  The right lower lobe presents 
a similar picture.  Pneumococci are plentiful in the exudate and in the edematous 
alveoli.  They  are  also  found  in  considerable  numbers  in  the alveolar wails 
in uninvolved portions of the lung near the periphery.  In  such areas they are 
not found in the alveolar lumen.  Left pleura.--Thick exudate of fibrin and leu- 
cocytes (Fig.  12). 
Protocol 7.--Monkey 13.  Macacus syrichtus, male.  Autopsy performed Apr. 
25, 1919, 12 hours post mortem. 
Anatomical  Diagnosis.--Lobar  pneumonia;  right  middle  and  lower  lobes, 
organization;  left  middle  and  lower lobes,  resolution  and  organization;  acute 
serofibrinous  pericarditis;  acute  fibrinous  pleuritis,  bilateral;  hypertrophy and 
dilatation of heart. 
Per~cardial sac.--Contalns a slightly increased amount of cloudy fluid.  Heart.-- 
Greatly enlarged,  the  right auricle  and ventricle being markedly dilated; myo- 
cardium and valves show no abnormalities.  Pleural cavities.--Contain  no fluid. 
There are firm fibrinous  adhesions in both pleural cavities which show beginning 
organization.  Lungs.--Entire left lung is flabby and has a rubbery consistency. 
Upper and middle lobes are firmly bound together; cut surface is pinkish, moist, 
and  for  the  most part  air-containing.  The  right  middle  and  lower  lobes  are 
firmly consolidated,  presenting on section a uniform, grayish, translucent surface. 
Abdominal organs.--Show cloudy swelling. 
Cultures.~Heart's  blood,  Pneumococcus Type IV; pericardial fluid,  Pneumo- 
coccus Type IV; right lower lobe, no growth. 
Microscopic gxamination.--Rigkt  lower lobe.~Section  shows  advanced organi- 
zation.  There is  almost complete absence of exudate in  the  alveoli,  and  the 
latter have been greatly compressed and distorted.  Some alveoli show marked ]~RANCIS G.  BLAKE  AND  RUSSELL  L.  CECIL  515 
dilatation.  In many places the alveolar walls are greatly thickened and the alveoli 
are filled with plugs of new  formed connective tissue which is vascular and is 
infiltrated with  lymphocytes  (Fig.  14).  There  is marked  pefivascular organi- 
zation with infiltration of lymphocytes and plasma cells.  Similar changes are 
noted  around  the  bronchi,  though  less  marked.  No  bacteria  are  seen.  Left 
lower lobe.--Presents a similar picture. 
The foregoing protocols dearly show that the pathology of spon- 
taneous lobar pneumonia in monkeys is identical with that of lobar 
pneumonia experimentally produced.  Since monkeys which died of 
spontaneous pneumonia had  reached  a  well advanced  stage  of the 
disease, the purely interstitial character of the stage of invasion, as 
described in connection with the pathogenesis of experimental pneu- 
monia,  was  not  encountered.  The  frequent  occurrence,  however, 
even in the later stages of varying degrees of perivascular edema and 
infiltration,  the  presence  of  pneumococci in  the  alveolar  walls  of 
un{nvolved peripheral portions of the lung, and the more advanced 
character  of  the  pneumonic process  in  the  areas  about  the  larger 
vessels and bronchi can leave little doubt that the mode of involve- 
ment of the lung was the same as that which occurs when pneumo- 
cocci are experimentally injected into the trachea. 
SUMMARY. 
Spontaneous pneumonia occurred to a  considerable extent among 
stock monkeys at  the Army Medical School.  This pneumonia oc- 
curred chiefly in the form of an epidemic outbreak shortly after the 
arrival of a large shipment of monkeys, and was shown to be due in 
large  part  to  transmission  of  infection  from  monkey to  monkey, 
either  directly  or  indirectly.  That  spread  of  the  epidemic  was 
facilitated by overcrowding was indicated by the fact that in a  sub- 
sequent shipment of monkeys, which were kept in pairs in separate 
cages and were not allowed to come into contact with the monkeys 
among which the epidemic occurred, no cases of spontaneous pneu- 
monia developed. 
The close analogy between the epidemic of lobar pneumonia that 
occurred among the monkeys and similar epidemics of lobar pneu- 
monia that occurred during the war among certain groups of newly 
drafted  troops shortly after  their arrival  at  camp is  very  striking, 516  EXPERIMENTAL  PNEUS~ONIA.  III 
and  would  seem  to  indicate  that  pneumococcus  pneumonia  may 
become an epidemic disease among groups of susceptible individuals 
when they are assembled under conditions that facilitate the ready 
transfer of infection from individual to individual. 
Bacteriological examination showed the spontaneous pneumonia to 
be due in the great majority of cases to infection with Pneumococcus 
Type  IV.  Immunological classification  of  the  strains  of  pneumo- 
cocci by cross-agglutination tests showed that the majority fell into 
two biological groups.  Two cases were apparently caused by Strep- 
tococcus haemolyticus, two by Streptococcus viridans. 
The  clinical  course  of  spontaneous  pneumococcus pneumonia in 
monkeys  was  characterized by  sudden  onset,  high  sustained  tem- 
perature, leucocytosis, rapid respiration with expiratory grunt, cough, 
physical  signs  of  consolidation, invasion  of  the blood  by pneumo- 
cocci,  and termination in death or recovery by crisis  about  the 7th 
to 9th day.  In a few instances the disease was complicated by acute 
fibrinopurulent pericardifis,  by  empyema,  and  by  purulent  menin- 
gifts.  It  was,  therefore,  clinically identical with lobar  pneumonia 
experimentally produced  in  monkeys and with lobar pneumonia in 
man. 
Study of the pathology of spontaneous pneumococcus pneumonia 
in monkeys showed that  it  presented  the  characteristic picture  of 
lobar pneumonia, both macroscopically and microscopically, and was 
in all  respects  comparable with the pathology of lobar  pneumonia 
experimentally produced in monkeys and of lobar pneumonia in man. 
CONCLUSIONS. 
1.  Monkeys in captivity are  subject  to  spontaneous  lobar pneu- 
monia. 
2.  Spontaneous lobar pneumonia in monkeys is caused by the pneu- 
mococcus. 
3.  Lobar pneumonia in monkeys may occur as an epidemic disease 
and be due to spread of infection from animal to animal when con- 
ditions which favor contact infection are present. 
4.  Spontaneous  lobar  pneumonia  in  monkeys  is  identical  in  its 
Clinical features, complications, and pathology with lobar pneumonia 
experimentally produced in monkeys by the intratracheal injection of 
pneumococcus and with lobar pneumonia in man. FRAI~CIS G.  BLAKE AI~D RUSSELL L.  CECIL  517 
EXPLANATION OF PLATES. 
PLATE 53. 
FIG. 1.  Monkey 11.  Flbfinopumlent peficardltis following spontaneous lobar 
pneumonia, Pneumococcus Type IV.  X-ray of chest. 
PLATE 54. 
FIG. 2. Monkey 43.  Spontaneous lobar pneumonia, Pneumococcus  Type IV. 
Cut surface of lungs showing gray hepatization of left lower and middle lobes; 
red hepatization of right middle lobe. 
PLA~ 55. 
Fio. 3.  Monkey 57.  Spontaneous lobar pneumonia, Pneumococcus TypeIV. 
Cut surface of lungs  showing gray hepatization and beginning resolution  of left 
lower lobe. 
PLATE 56. 
FxG. 4.  Monkey 84.  Spontaneous lobar pneumonia, Pneumococcus  Type IV. 
Section completely through right  lower  lobe showing  lobar character of con- 
solidation; stage of gray hepatization. 
FIG. 5.  Monkey 59.  Spontaneous lobar pneumonia, Pneumococcus Type IV. 
Section completely through fight middle lobe showing bepatization of the part of 
the lobe proximal to the hilum,  perivascuiar edema and infiltration,  and pefi- 
bronchial and interstitial involvement with  absence of exudate in  the  alveoU 
and bronchioles in the distal portion of the lobe. 
PLATE 57. 
FIG.  6.  Monkey  36.  Spontaneous  pneumonia, 
Section completely through the fight lower lobe. 
Streptococcus  kcemolyticus. 
PLATE 58. 
FIG. 7.  Monkey 35.  Spontaneous lobar pneumonia, Pneumococcus  Type IV. 
Section from right lower lobe, stage of gray hepatization, showing alveoli filled 
with leucocytic exudate.  ×  100. 
PLATE 59. 
FIG. 8.  Monkey 35.  Spontaneous lobar pneumonia, Pneumococcus  Type IV. 
Section from right lower lobe,  stage of gray h'epatization,  showing perivascular 
edema and moderate infiltration,  perivascular lymphatics filled with leucocytes, 
and exudate in the lumen of a small bronchus.  ×  100. 518  EXPERIMENTAL PNEUMONIA.  in 
PLATE 60. 
FIG. 9.  Monkey 35.  Spontaneous lobar pneumonia, Pneumococcus Type IV. 
Section from margin of right lower lobe showing vascular and capillary, engorge- 
ment and serous exudate in alveoli.  ×  100. 
FIG. 10.  Monkey 28.  Spontaneous lobar pneumonia, Pneumococcus Type IV. 
Section from right lower lobe, stage of red hepatization, showing alveolar exudate 
of  coagulated  serum,  fibrin,  red  blood  cells,  and  a  few  polymorphonuclear 
leucocytes.  X  100. 
P~.~  61. 
FIo. 11. Monkey 97.  Spontaneous lobar pneumonia, Pneumococcus Type IV. 
Section  from left lower lobe showing  edema and infiltration of bronchial wall. 
X  100. 
pLATE 62. 
FIG. 12.  Monkey 97.  Spontaneous lobar pneumonia, Pneumococcus Type IV. 
Section from left lower lobe showing thick exudate of fibrin and leucocytes on the 
pleura.  X 64. 
FIG. 13.  Monkey 47.  Spontaneous lobar pneumonia, Pneumococcus Type IV. 
Monkey killed 24 hours after recovery by crisis.  Section from left lower lobe 
(begi~nlng  resolution)  showing  intense  leucocytic  infiltration  of  perivascular 
tissue.  X  100. 
PLATE 63. 
Fro.  14.  Monkey 13.  Spontaneous lobar pneumonia, death resulting from a 
complicating pneumococcus pericarditis.  Section from right lower lobe showing 
alveoli filled with plugs of young connective tissue and beginning organization of 
perivascular tissue.  X  100. 
PI~r~ 64. 
FIG. 15.  Monkey 62.  Spontaneous lobar pneumonia  ', Pneumococcus Type IV. 
Section  from  cardiac  lobe  showing  early  alveolar lesion  with marked  leuco- 
cytic infiltration of alveola~r walls  and in  places beginning exudation  into  the 
alveoli,  the alveolar duct and atrium being free from exudate.  X 83. 
FIo. 16.  Monkey 70.  Spontaneous lobar pneumonia, Pneumococcus Type IV. 
Section from right lower lobe showing invasion of alveolar walls l~y pneumococci 
beyond the margin of the consolidated area.  X  1,000. THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL.  XXXI.  PLATE 53. 
FIG.  1. 
(Blake and Cecil: Experimental pneumonia.  III.) THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XXXI.  PLATE  54. 
FIGo  2. 
(Blake and Cecil: Experimental  pneumonia. III.) THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XXXI.  PLATE 55. 
FIG.  3. 
(Blake and Cecil: Experimental  pneumonia. III.) THE JOURNAL OF EXPERIMENTAL  MEDICINE~VOL.  XXXI.  PLATE 56. 
FIG.  4. 
FIG.  5. 
(Blake  and Cecil: Experimental  pneumonia. III.) THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL.  XXXI.  PLATE 67. 
FIG.  6. 
(Blake and Cecil: Experimental pneumonia.  IlL) THE JOURNAL  OF  EXPERIMENTAL  MEDICINE VOL.  XXXI.  PLATE 58. 
Fio.  7. 
(Blake and Cecih Experimental  pneumonia.  III.) THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL. XXXh  PLATE 59. 
FIG.  8. 
(Bhke and Cecih Experimental pneumonia.  Ill.) THE'JOURNAL OF EXPERIMENTAL MEDICINE VOL. XXXI.  PLATE 60. 
Fro.  9. 
FIG.  10. 
[Blake and Cecil: Experimental pneumonia.  III.) THE JOURNAL GF EXPERIMENTAL MEDICINE VOL. XXXI.  PLATE 61. 
FIG.  11. 
(Blake and Cecil: Experimental pneumonia.  Ill.) THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XXXI.  PLATE 62. 
FIG.  12. 
FIG.  13. 
(Blake and Cecil: Experimental  pneumonia. III.) THE JOURNAL OF  EXPERIMENTAL MEDICINE VOL. XXXI.  PLATE 63. 
F~G.  14. 
(Blake and Cecil: Experimental pneumonia.  III.) THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. XXXI.  PLATE 64. 
FIG.  15. 
FIG.  16. 
(Blake and Cecil: Ez~erirnental  pneumonia.  III.) 